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1 

EPROM2:DRAM$t)*^fiJSUta9S«JcM^T. C 
t*r 6 7 ^ 7 v'a ;* ^ ij ^ U S^Xx A. 

r> c t tf^^ 7 7 y '>3.pc ^ tj iRSpt ^ u e^xx 

A. 

T^77y5^it;*^U^;*^U'>XxA. 

tt>r>i:^(DX^7'<-v$^lt, ^-5^X7y:/ 
sa3i^oa-;K>«x^7'<-v(z:fec:)iti> '^-y 
D-;i.7 h jatS ^£ 0-;w >^:fe 5 ^W^a* 
t>r)Ci:£1^mi:'r5»77y>^n.;<tU^^3i>^^U>'X 

[il*:i5] ar*]ii^«ic:*5V^r. ^ES[7KUX7^- 
t;: p — 7 C7 h -r 5 7 5 y v' J- E p R o M<D:/n 

tei@l^ifT*3-r tC7 H UX^ftl;: J: 5 7 ^ :y xa. E P R O 
Mo^^ i^^? h7>:7lrx;&:fec:;^^7 K^x^ft^a^& 

[000 1] 
[0002] 

[0 0 0 3] ^omm-^mwm^mmmmmit. m 

K7'f :/^cr)7 7-f;l^»$^V>rjC, 77U/>'aEP 

[0 0 0 4] ±E*^^l^77-f;VS»-CfiM$nTVi-5 
77yi^aLEPROMft, :t>2j?-HT'f Xt^^ 



Co 0 0 5] /W h^&CD-f U-X • m^iL^ 

CO 0 0 61 c(Dft^. mB>ij^^m^h. 4^mmmi 
n^mmf&x. y^yz^:xEPnoM^mmr^:^t 

10 UT. «0i¥4 - 3 1 7 5 6 ^^«JCH2tt(^. < U-X 

CO 0 0 7] hm^m^yr^mm^mmhit^^xy' 

AT^, :/D5^^A«VXxA^fi<D^fBtt>lt'J±»C 

CO 0 0 8) c<ofeac>. 4^#^|:77-f;i'^«iz*»sn 

S7 7y5^:LEPR0MOS;^MC. ^ffilSp^^U feiJ^S 

\zfs.r). o7sVry':f0^t,ii.'DX^^^. 

[0 0 0 9] WI ndow3^(0OS-^7yj^ 

-'^B>-fu^yh\t. mm±,\z^n±m^(Dm^\z 

20 hK>. ;k^«c0^i3tt;<^:U;&tS^3n, =lXh7.y7^ 
[0 0 10] /h^ft0^32tt;<^UTtOS, 77"';^ 

-x3>:/ny^AA?*fTr^)£:*. os, 7yuy- 

'>zL>ynif^AS||fTJ^^T, ROMfc»ttt->5:]^^* 

o> ttjSOT^D^f^Ajcia^firr^^j&t-cfr^vi. 

[00 11] 

30 m^\t. 7^y'>3.EPROMft|&JA$ny£:. n-H* 
[0 0 12] 

RAM;«^Ua:77yi^iEPR0M*t)O;*^Ui'X 
^A-C. {Kffi32»;t^U^:^fC,fcO> ±EDRAM 
ic^frn- K tx-^S77 E P ROMJ: D n- 
H*<&V>H:±ffiDRAMAi^7^*yS^aEPROMJCX 
^ h7Tec:i:k:J:D3t«$n-5. 

[0 0 13] 0, 7^s/->JLEPROMiDRAM 
07i^irX^III5I?&t^-i^7 KUX3^ft©»$Ktt. 
^e{C'<->>#(3:cO'>^-i^7h*WXje^5^-:/;l.d:, ^ 

h^o;A^U'^— :?(0$9©775^48irx> c:n6cD7^ 

[00 14] 77^^5^3.EPR0M©7'Dyir 
-f WX'BF31^:feC)S:3^ l/-X^®K*t>:3. 
[0 0 15] ±M^-i^7^txmm\t. 

50 v'^p^m\z^'D^'^^}^-i^>ifmmmii^\z^^^z.fs. 
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3' 

[0 0 16] ±l2<R3®C«flnS:;^^»CJ:^7^y>'aE 

PROM«hDRAM>t:eU'>;^xAT, 'yy^hrr^'t 

RAMICD-;M>-*riC> ^^^/v'^EPROMTH 
I/X^DRAM7KUXtCUVyyL, DRAM;>t^iJ 
^[in<^^ ^ U > K UTifl^7 ^ y -> a E P R 

[0 0 17] :7^y5^3.EPROM<0^l^-X« 

[0 0 18] CKOyay^^SfflStbr. THl^xa^ 

[0 0 19] «»©7^5;'>a.EPROMSirP 
h-r5^$£SROM7HUX=&]^eTH^X«»x-:/ 
;t/(Ct>^. CniC. 77y->Jt.EPROM©U-Hlj-'f 

[002 0] 

3 - H •t>7^- ^ ^^mt^ D R A MT«^ 3 n-S ^IBtt 
v^oL E P R OM7l^^±(D^-5^i:D— ;P-f >-^n-;P 
[0 0 2 11 o^O. yn-fe>;/'y-n±E^fBfi±0^* 

[0 0 2 2] C0^-'::?7:t>'Vh^*l.fci:$lcW:, 7 
^^:^->:xEPR0M^^UT5^-feX^W©ttfcAD, % 
fT3-H*ty^H$n. t5iBDRAM^E«lc»tt$n 
^. . 

[0 0 2 3] ±fficoj:^lca-;w>»f^*«*i:^fcn 
CCO^:^. DRAM^3B«(0^">fdtf^Tn- 

[0 0 2 4] ^-V^^^myvv'^^^n^h"^. S 
EPROMfC7-f hL7^^§»i5rr^, 

[0 0 2 5] -jRJC. 77 5^->a.EPROM(07-f h7 

[0 0 2 6] he-;:t, x^7'^-i?^£aftn— jw>ffl 
s$5fek:fTV^ 7^^^i^3.EPROM^®^>f hffigti 



> !J$W¥7-1 144 99 

(0 0 2 71 D-;i/7':^h^(r:/D»y^r©^^ h --f u 

-X«S§^C;/i5Ct»C<fcO, 77yvjLEPROM 

[0 0 2 8] y>^KyO^X^WtVyvi^^EVR 

®d-;K >aif^(Cj;0DRAMiffifitCx-i5^^&U- 
Htt-ftC, 7^^/5^:xEPROM©^K^— 7:£if5« 

^ U ^IfflK: u T y :/t* s J: ^ (c-r 5 . 
[0 0 2 9] cnJCJ:*}, D-;K>k:J:'5x-:J'fia 

[0 0 3 0] Sfc. '^u^3h.0>im^il^%nn-'Y^ 

m^^ttf^^. DRAM^gattt;<^u$ft$i>;fe<'rs 

[0 0 3 1] ±^iZWimLft^oU. 77!y>-aEPR 

>^mm\z^Dmm'^n^t^^ft^. 75y->iiEPR 

[0032] 

[0 0 3 31 aifJ, *%?«{C<t^77yxaEPRO 

[0 0 3 4] *^»^®pc^u>';^5^A«. :/n-feviJ- 

101, 75y>'jLEPROM7Wl 0 3^:DRAM 
^m^l 0 2W75'-feX^«$fT3>^^U7^-kX3> 
hD-7l 0 4^0#l^^fn-5. 
[0 0 3 5] ^ft<fc<l&ffl^n^:/n-kv^iM 0 Itt. 
3 2 If-;/ ht»lfor)oJ1ie;^7'0'fety1j-i/T?. 4 GB^«, 
3 2lfy h<0^^'J7HUX^ra^&fc-^. 

[0 0 3 6] rtDT'P-irylM 0 l<D4GB(D^g7H 
U7.^m<D-m\Z. I5ffn-F^5^:^$<&jfrr-6DR 
AMTlPU^Sn-SDRAM^IBttl 0 2dJV:yy^n. 
(KSffi(S«a:i^iCK:<i;D, 7^y->3.EPROM7P-f 
1 0 3±<Oy^-:S^ta-JU^>'pu-)\rTOhi^^t 

[0 0 3 7] yn-feylM 0 ltt_h|aDRAM^ffi«l 
0 2±(0;<^'J^-i?IC, ^fT3-H^5^-^7&t#&jfc55 

nTv>^ci:$tjgtciifTj5ia$n, dram^^i 
7*;^^^^%*^^. 

[0 0 3 8] Z0^~:^y:t)ih^^Lftt^\z}t. ^ 

^U7i'-kX3>hD-^l 0 4fci;D* :^7*JP 

^;^7^!yi'aEPROM7P-f 103;5>6U-F$ 
n. MffiDRAM±ffi»l 0 2fc«}ft$n'5. 
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10 0 3 91 ^^\z. m20A=e^jri7±xzi>ho- 

(0 04 01 ;3t^ijr^-feXn>hD-^l 0 4«, :/ 
□ -fe 1J- J: 0 flb:^ $ n-5 U :::7 7 K $ D R A M^E 
ttl 0 2<O«ilB7H^XfC$tt-r'57KPX««IilB2 

»^£*5;ii^^<"->>77^tI»I5I?l2 0 3, DRAM^ ii? 
m^l 0 2©7^-feX^»$fT3DRAM75^-feX$f« 
0S62O5. l^^^/v-aEPROMO'j-H^-f h-f U 
-X^:fei:;i5 77yvirEPR0M75^-feX$3WlElK 

[00 4 11 ynir5'+M 0 l*«U-77HkXPA0 
075^-feX^£:fe2:^ofci:^, ^->^7HU;^^^x- • 
:/;i.2 0 2IC7HUXPAO(D^-i?;0tDRAM^i2« 
1 0 2cO7Hl/XDA0<O^-i;iC^^-r^i^^$ 
n. DRAM^iattl 0 2c^>DA0^-ytC^fTn-K a? 

[0 04 21 >^D-fery-tM 0 ld5U-77Kl^XPAl 
(0^":^7^:7-feX$^C;^ofc^:#, ^-e^7HUXS 

[0 0 4 31 Z(D^-z^y:t)i^h(D^±\Z^rt^ 
HUX^»5^-:/;P2 0 7J:0. D";W>-r'577:y 
i^aEPROM7U-f 1 0 3C0^-vS^FA2=&^ 
^. a? 

[0 0 4 41 ::>^IC, 7^;y->n.EPROM7U-f 1 0 
3<DFA2^— :;c^x-^=&DRAM^Ettl 0 2CDD 
A2^"i^fCX h7LD-;W>ia31$:feC:/il\ ^- 
v7HUX^^5^-:/;P2 0 2(D^«^-vX>hUa) 

[0 0 4 51 a±(DSa3itcJ:D, a-;l'^>»f^ 

[0 0 4 6] cniZ^t^. U-)U-(>t^DRAU± 
Sttl 0 2<0DA2^-v®T-i5'$O€ffl!)J:5lCn- 
;V7^hh. DRAM^IB«1 0 2©DA2^— 

[0 0 4 71 cot^. DA2^-i^i>mff::^-}^<- 

y^ hr^±:^\t^±h^\f'^1t^. DA2^— i?<Ox- 

{0 0 4 81 Ufc;&J^T. *ISRfcttn-;i/7'> Mdf^tt 
^^U-r, ^ir, '^-^ :^7Hux«»7^-::/;i.2 0 2<^) 

(0 0 4 91 ^(09&m\Z^r). y^h7^ty^^^%> 
i^©SVi7^v->aEPROM7W10 3lC^f'57 5Z? 



' ♦J0B¥7-1 1 4499 

[0 0 5 0] mm\z. 5'-^^^m'r^^-i?\zMLx 

[0 0 5 1] IIBltCD-;P7':?hrs«^«, D 

RAMiffitti 0 2(D^-5;)&t, ^tfi< thnt^o>:z. 

[0 0 5 2] c:ntCJ:0, y-ihT^^Tsmmt^V- 
Xnm0^^tfS.yyvpD.ZRR0U7V^ 1 0 3(C 

i^m\z^-i>^r)»^^^^f^3^tft^^^^. 

[0 0 5 3] 77yS/zLEPROM7W 1 0 3k:D- 
)]^7^hmm^^Cf3i3t^. <RS7HUX3gSl5=— :/ 

-xmmm^2o&\z^r)^ -i xy-xmrnt^^-izfi:^ 
^otz. :7^^'>jlEprom7W 1 0 3o:/n>>i? 
y-( h-(U-X^m^^CfXo. 
[0 0 54] Z(Ot^^ 77!y vaE.EPR0M7W 1 
0 3©^^ U-Xfny^<D1)'^XtDRAU^^^l 0 
2 0^-i^^^Xf>m~'0^\t. U-)\,70h'r^^ 

77y>'3.EPROM7w-r 1 0 3<o^— 

;0«DRAM^©tttl 0 ZO'^-v'tf^Xt^fiftf&ft-S* 
^IClt, 7^yv^3.EPROM7P-f 1 0 360^M^- 
-x©3§|t)(05^-:$'i:DRAM±Ettl 0 20SK'^-y 
5^— 7^^i^3.EPR0M7W 1 0 SCDSiJcr)'^ 
~J\Z^^ hn\^~t^. 
(00 551 Z<Ott. 7^7V^EPROM7U-r 1 

0 3CD^^^— KICDRAM^BBti 

1 0 2]zn-)V-(>^nxv^rzt^\Z\^. 'K117KPX 

S»x-:/;i'2 0 7 =&^]5"r^- 

[0 0 5 6] DRAMjfe^tt 1 0 2CDDA 6^ 

—z^ifi. ^l07^!y'>a.EPROM7l/'-f 1 aSCDFA 

EPROM7U-r 1 0 3(0FA6'^->?'sOD-;P7'> 
hftm^i-^t. FA5^-i^<tDDA6K:a-;W> 
LfcaDco^fra-H-^x-^^t. FA6lC^-f hntr 

[0 0 5 71 hatr-<DittTb;/S:FA5«^ 

[0 0 5 8] 7^^'>:i.EPROM7U-f 

1 0 3 ®T$^^ d t)S:< 7 ^ ->aL 
E P ROM7 P-f lCi:5«fi;<^U >XxA*«llgr * 

[0 0 5 9] 04 fc, £Ui»'<;'^:/n-feytJ-i o i®»j 

-77 HWX't-i^aiDR AM^iStt 1 0 2 (7)7 H WX 
'<-vOm^U8&-r'^-5?7HWXa!»5^-:/;P2 0 

2 U«S)f* 
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[006 0] asic, :/a±y1jrlO l<0^)=-7 
[0 0 6 1] ±32. ^-i^T HUX^»5^-:/;l^2 0 2 

u 7 H uxx-::/;^ 207 o5^-:/;K0f^$ 

[0 0 6 2] &,±}&^1ty9yi^:2.BPR0}A7U^ 1 

»iElB&2 0 lTffiffl-r5X«l7Hl^X=&{RS^^07H 
VXx-:/;V2 0 7J:0*s&^C:tlCJ:D> DRAMi 
E«l 0 2$ffit)-ftcyD-by-lM 0 1(DU-77KU 
XT^-feXT, :5^-YUi^hfc::7^2?i/3.EPROM7P 

1 0 3 S7^^-feXSIS6fc::^'6. 
[0 0 6 3] tfc*^oT> ^ffa-K(0»iWSnTVii> 

^-i?$DRAM^iatti 0 2tcp-;i"f >-r^>;it;4 

^"T^-^^SJ^'^-^'t^i^^DRAMiiBtt 1 0 2fC^->^ 
[0 0 6 4] inJCcfc?), /h^fi(0DRAMOlijE$T<K 

[0 0 6 5] %^\z, yniryiM 0 liCiO^-YU'^' 
KfC>'7y vaLEPROM7 W 1 0 3$7^-feXpn)l 

RAMx>rXiJ^^(D7r-r;VS«ibTfiJfflpIiBT 



5 



[0 0 6 6] 7^';;i^aEPR0M7W 1 0 3®-a? 
^rRAM-r/X^tLi/t^^lCK. ffifatC^fi^i4<7)-> 

[0067] 

\W^<^^^ 2t:^99tC<t577ye^iEPROMlrJ: 
^{R®;*^ 'J->X7^Ar. /J^STJICDDRAM-Cb^^^y 
i/zL E P R OM (CtfllR^gfTPj^T^ff 3- F ^mi-t 

[0 0 6 8] ^1t. 7^yi^3.EPROMi&ffi|BL:fc^ 

-e^a >ynir^A©^^l,lr^a<4i/XxA^« 
[aM<^ffi¥;^%^] 

[01] *»5^C0-gg:^O±ft«|^yiKH-C^-5. 
[02] ;t^»J7i^irXZ2>>D-^(D«j«EI-c*^i. 
[03] ^t'JcOUT-y:>l!»|^£^t-HT^^.. 

[04] ^":^7HPx^»x-:/;i'^^-t-0'C&5. 
a/ [05] ^7Fi^x5^-y;v^^i-0rSiS. 

[^SF^CDK?^] 

1 0 l-T^D-feylJ', 1 0 2-DRAM±l2tt. 103 
"•7^y'>a.EPROM7V'-r, 1 0 4-^^y 7r5^-fe 
Xn>hn-7> 2 0 1-7HUX^^[§K. 2 0 2- 
^-':^7 K UX««x-y;i.. 2 0 3 -^-i^^^i^^W 
2 0 4-77y'>3.EPROM7i^-feXWfl© 
K, 2 0 5-DRAM75^-kX^Wl5IK. 2 0 6"-1'U 
-X^©tt. 2 0 7 --K^ipi t U 7 H UX7^-::/;w 
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^ . i The flasi memory virtual memory system characterized by having a page-address 

page:a'ddres. storing means, a virtual memory address con vers.on .ncans, 
and . pa.AC controlitlag in the access-control circuit of storage, and perfom»n§ a ^ 'rtual 
mcmnW management by using a Flash EPHOM as virtual '"7°^' "i;'?'"^ '"^ P'^""""^ 
and thc'inrornwtion processor which has a Flash EPROM and DRAM as storage. ^ 
iClaim -'1 The memory page in which the execution code is stored in the claim ) pubhciUon .s 
a Hash memory virtual memory svstcm characterized by having a means to control a page 
coniroi na^w'iihout carrying out a roll-out to a Flash EPROM. 

IChiim > 1 The flasl^ memory virtual memorj- system characterized by havmg a means to control 
'vhclbcr roll-out operation is performed according to the dirty flag slate ot a page ,n claim I 
publicalional the lime of roll-out processing. - ^ u ■ .i r„,rkt 

iC.U.im 41 It is ihc nsush memoiy vinual memoiy system characterized by having Uk con 01 
m..ans which prepare at least one spare page in primary-storage memory, perform t^c roM^m at 
ihc .imc of page-swapping proce.«ing to a spare page in claim I publication, and perfo.m|toll- 
oul DroccssinB of a pace after a roll-ui. , 
ICIaim 51 The flash m'^morA' virtual memory system characterized by having a means to control 
so that it hos Ihe crasion coumer of the block of a Flash EPROM which carries out a roll-out to 
u virtual address table in claim I publication and the mimbfer of times of evasion ot a block 

IcSn fiuTif ihi Hash mcmoo' virtual memoiy system characterized by luving an address 
iranslation means to perform the direct access of the Flash EPROM by address ir3n.slat.0n, 
^vi,hol.l data transfer canyihg out in ca.se an execution code is stored and roll-.n processing of 
ihc memoiy pag«-' >s carried oul in claim 1 publication. 

* NOTICES ♦ • 

Japan Palonl Office Js not responsible for any 
damages caused by the use of this trensJation, 

1 . Iliis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 . * * * * ahowa the word which can not be translated. 
3.ln the drawings, any words are not translated. 



OITAILED DI-SCRIPTION 



IDctailcd Ocscripiion of the Invention] 

1 Industrial Application] this invcmion relates to the raemor)- management technology which is 
vised lor a small pocket infonnation processor etc. and which used low price flash memoO" non- 

vohuitc memoiy. 
100021 
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Ilic^cription ofihe Prior Ari) The conventional technology is explained fint. 
lonnvi What consiituied semiconductor file equipment from non-volatile memory, such as a 
M PPROM. is produced commercially for the small information processor m wh.ch ihc 
c.>.wctuion.l cellular phone is possible perfoming.the battciy drive for the miniaiun/al.on o| a 
device etc.. wilhoul uvina file equipments, such as a hard disk drive and a Hoppy disk drive 
|()»)()4I The Flash FPROM cuneotlv used with tlic above-meatjoned semiconducior lilc 
equipment is on board, and erasion and a light are possible for it and it has the feature [ pcrlorm 
/inlcsirationequivalcm 10 the dynamic R,^M which is volatile mcmoiy). r i. 

10003 1 1 lowcver. erasion and the w-riting of a byle unit cannot be performed, but there is a faull. 
like ihai it is necessary to erase per a chip unit or block, erasion lime, and light tunc are long. 
Moreover, ibc number of times of erasion also has a life lunit. 

10006 1 1 -or ibis reason, ihe aforementioned fault is solved and the block control system ot 
cnisi.ui liivcn [ as a method ] in JP,4-31756,A or a light which uses a Flash EFROM w.th a 
small p«K:kei information processor is proposed. 

[00071 A1.SO by the system using the above-mentioned semiconductor file equipment, a 
pro!>ram is loaded on the pt imaiy-storagc memory of a system unit, and is PC'"f""""j- 
lOOOSl For ihis reason, primary -storage meroor>' is also needed besides tl« Flash EPKt^M 
mounleil in .semiconductor file equipment, and it has become the factor of a cost rise. 
100091 Moreover, it is in the inclination of enlargement by improvement m tunctional mass 
p. imaiy-storage memor}' is requhed. and OS's and application programs, such as W.ndoxvr,. 
have become a cost rise. . p-^^, . 

1 00 1 01 A Ithough OS and the method of storing an applique SHUN program i n ROM by 
cxeculo form are proposed in order that OS and an application program may pcrtonn also hy 
Ihe primary-storage memory of small capacity, it is necessaiy to change fonn and cannot be 
;ul;iplcd for arbitrary- programs by this method so thai a program can be perfonned by ROM m 
iidvnnce. 
lOOilJ 

il'mbicmfs) to be Solved hy the Invention) this invention is being a direct execute permission 
ahoiii Ihe code vi'hich was described above and which was stored in tlie Flash EPROM. and 
ol lerinc tlie low-price memory system in which progjam execution's is possible also by the 
primaiy-storage memory of small capacity like. 
10012) 

IMcaivs lor Solving the Problem] The above-mentioned technical problem is a memory system 
with Ihe DRAM memoiy' and the Flash fc'PROM of small capacity, and is attained by carrying 
oiii the siore of an execution code and the data to Above DRAM from loading or Above 
ORAM IVom a Fla.sh EPROM with a virtual-memory rocmorj' management method at a Hash 
l-PKOM. 

100131 That is. a page-address conversion circuit is prepared in the access-control circuit oi a 
!• Ia.sh liPROM and DRAM, and it is attained by having the page-addrcss translation table of a 
p:igc unit, and the control circuit of the control flags of mcmorj' pages, such as a page present 
biracccss bh dirty bit. and ibese flags further. 

|00l 4| Furtheimore. it has the erasion control circuit which performs block erasion 
manngcmenl of a Fla.sh EPROM. 

{001 .-^ I Moreover, the memory- paging control circuit which it has in the interior ol a processor 
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f^ltl Rcmopping the Flash EPROM address to the DRAM address, "'^f DrXm 

|wuioj j\tinoppiut J- rioch T=PRnM via the memory window ol UK am 

r; ™ EP^^^^^^ « " • ORAM mcno^ .ys.c. arc 

loo m' Sa^'Tr'ISf. c,..io„co...rol c.„ be e«ily c^ei ou, .o ««ion manag=,«cn, of , 

Flash El-ROM by building block roanagemem informnon m a ctap^ 

[00 1 81 A-i this block management infotmanon. an aidress translation table and the cnsion 

■Zt * inrjloromltioned addre^s translation table and the mechan.stn wbKh ^^^^^ 
oKlonded ROM adJ,«.« .0 this by the beji'tning of the re«l cj-cle of a Hash tPKOM n,a; |b-. 

csiublishcd. j 

Iru'clioa] the map of the prim:u>-storage memory ^vhicb consists ^RAMs which .^^^^^ 
Uccu.ion code and data in a pa,, of physical address space -P^^^^«^«\;\«'"'^^^^^^ 
d.ia and the roil-in on a Flash EPROM array, and a roll-out cm wuh a v,rtuaI-memo.7- 

n^^^^^^ operation of the processor is carried otit a premise [ an execution code 

b^ing '^ed in tl« mcmor,- page on the above-mentioned primao' ston,gc . and. v. len 

c paac in xvhich the execution code concerned was stored on the pr,mar>' storage, a 
paoc (Uult generntcs it by the page-address conversion circuit. .... ... r,.,,,, 

MMP^I When ( ihirs 1 paee fault eeneraiing is earned out, an execution code «> I^dJ^)' Tlash 
1 :,.ROm\^^^^^^^ a '«s; controrcircuit and it is stored in the aforemenUoned DRAM prnna,^ 

rSAhhou^ roll-in operation is performed as mentioned above, when all the paecs ofa 
U^^^^^^^^^^ storage 'rc load ending at this time the flash plate of the P'^S-^jc - n t 
u bv ihe Least Recently Used algorithnt is carried out, and a roll-in is pertoimed .liter a. 
mot ] When the flash plate of the page memory is carried out and the memory page concerned 
I; I'diii Dane a light is canied out to a Flash EPROM and data are saved. 
0^2?] Sr;ny. h^^ access of a Flash EPROM will be slow compared with lead access, and 
roll-ill speed will fallin the above-mentioned procedure i:„ki 
|()0-(,| Then. « spare page is pr«pared, roll-in processing is pcrromKd.prcviouslV: and Imh. 
orocc'v.sing to a Flash EPROM is performed in the background. 
in()27| nic crasion life ofa Flash EPROM does not fall by performing bghi tras.on 

nninaccinent ofa block at Uic time ofa roll-out 

U ^^ In the case of the memory system which csed the Flash EPROM m vvh.ch ranc^m 
. acLs i.rpos5iblc. the page concerned of a Flash EPROM is remapped ^ pmrtary-storase 
;-o.>m. without leading dau. by roll-in operation of an execution code at a DRAM primary 

JlSri-hcreby, the data transfer by the roll-in becomes unnecessary, and the proccssabiUty 
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;,bililv of a virtual memory management improves. ^^-cution code DRAM 

100 >()| Moreover, since there is the great portion of program 
;.i:;;!,-.oragc memory spaee can.be ^^^^^^^^^^^ ahovc is 

1003 1 1 The virtual mcmoiy management by Flash ^P^^O^ "^^^ J controller of 

controlled bv the paging mechanism of a processor, or is controlled b) the 
;) Fhish HPROM and a DRAM primao' storage. 

rrx'mlnlcl HcreHller one example of this invemion is explained with reference to 'l-^^^^ ^^S- 
n^?? )r. vin n in which the composition of the memoty system of the sma 

inrinl-ttion processor by the vi..«al memor,' management adaptmg the h Ush 
1- 1>R< )M an-ay hv Ihi-S invention ^vas .shown. ^„„,rnllers 1 04 which 

primrtiy storage 102. . ui^ cfcqaSHI of 32 bit operations, has 

OfHSI The processor 101 often used now is possible pio SESbAbHi oi on 

iVhnl^ t^ao^^ 102, apace fault generates it by the memoty access controller 104. 
i,r i.|-wh VPROivi array 1 03 and is stored in the aforementioned DRAM pnmaiy siorat,e 

'^M^t::^':^^.,,^ m ^<om, page acc.« of U,=lin.a, add.,« PA . and convc^o,, 
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*,u, n,c .,o. »c. as IW ,«8c-.<l<lre« tramb.ion .able 202. it becomes a page misuke »nd a ^age 

loS;, ,r«,K.ra>ing of .his ^^ge faul, pa|e number FA2 of *e Hash EPROM ^ay .03 

. • I .n'r,-tt n.ii a roll-in is obtained from the v rtual-address translation table 207. 
"^i^^Z^Z^^o^ d^ta orthe page 2 of FA of the flash EPROM anoy 1 03 is carric 
llun:, U,c"nao 2 ol'DA of the DRAM primary storage 102 roIMn processmg ,s pcr.ormcd. and 
ihc pope enLv concerned of the page-address translaUon tabU 202 is set up. 
lO(W>r Usually the above processing performs roU-m opei-ation. . . . 

mi, .fn n of this, the roll-out of the data of the page 2 of DA of the DRAM primajy 
1.!^!^ 1 02 ulich carries out a loll-in is carried out as follows, and the data o1 the p^gc 2 ol 

lH-i coding region i^not generated, data rewriting of the page 2 of DA has not usually 

Ssrrhcrcfore. roll-out operation is stopped [ not generating but only changing the pag| 
^niiA- concerned of the paac-address translation table 202, and] in fact. 

oK l"y^hrpro"ssing: access to the late Flash EPROM array 103 of l.gbt acc«. um.ng 
<it,es not occur but a page switch can be pertjormed at high speed. ^ k, 

^ ( I Jl^o^^ of the page which data change did not generate ,s rot pcrlormcd by 

i-:;^lar;riS bit of^he^age-address translation table 202 also to the page wh.ch 

U)0 " I Moreover, when actually carrying out a roU-o«t. the page of the DRAM primao' storage 
O^'oerforms roll-out processing so that it may have at least one spare page. • 
OoV^r'^nTe 1 ght operauon to the big Flash EPROM array 103 of the light access fmc and 

SuircanV performed in parallel with roll-in processing by this, a page sw.tch can be 

lS?(rvnc.VpcS roll-out processing to vhe Flash EPROM array 103, wivh reference to 
Sir iLn c« value o/the virtual-address translation table 207 the e.us.on contro 
ci;eul'206 paforms block light aasion managemeot of Uie Flash EPROM array 103 so that .he 
number oF limes of erosion may become uniform. 

0 541 althoudi what is necessary is to change the page which ^^^^^f^"' „ of 
...rronr liohl operation of the lisht concerned at this tune, when the size of an erasion block oi 

1 c M #ROM^^^^^^^ 103 and^hc page size of the DRAM primary storage 102 arc the same 
.he ptc si/e i the Flash EPROM ai^ay 103 - — of the page size of iheDilAM 

mlnun ?ior^?^ a certain ca.«r. the light copy of .he remaining data ol the. page o the 

1 irAPROM an"; 103 concerned and the page data concerned of the DRAM priman. storage 

;S^';,w^;'rr""ro^meremainiltgdataofthepa^^ 

l:oneemed has already been carried out to tl^c DRAM primary storage 1 02 at this time, the 
viiluaUaddress translation table 207 is changed. 

|„056J mat is. if ihc roll-out to the page 6 of FA of the Flash EPROM aixay 103 o curs when 
be roi-in of the page 6 of DA of the DRAM primao" storage 102 .s earned om at he 
boeinning than the page 5 of FA of the Flash EPROM array 103. the l.gl.t "Py "Hh. 
remaining execution code and remaining data which carried out ihe roll-m to DA6 hon, th. 
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iri«c of FA will be cnnied out at FA6. 

\m7\ Moreover, it erases Fa5 which f ''^ht copy ^id^^^^ ^^^.^^ 
n0S8 I hcreby. the virtual nicmoiT system by the Flash El KUiw 
L,cing the erask>n life of the Flash ^^^^^^^^.^.^ .o2 which show, the 

DRAM pri,mo' storage 102 st..cd to;>v..w|na 4 ^^^^^J^^^^ ,,-,>vin. 5 to 

- 

i:rROM array 103 is shown. , _ . ^^rp« trfln<;lation table 202. and the 

mioM'r^'.ottr^^^^^^^^^ ^ "'"""'"^ 

[oS^^^^^^^^^ I'virtunl .e.noo- system can be built w.th the composition of DRAM of sn^al. 

ISm arrny 103 direct by the processor 101. it can use as file equipments, such as a RAM 

;S>61 When a part of Flash EPROM an ay 103 is made into a RAM disk, thax is .n advantage 
which can constitute a simply nonvolatile silicon disc. 

OS or an oppiicntion program. 
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